A study has been conducted to investigate the potential use of mengkuang leaves or Pandanus atrocarpus bonded with epoxy resin as external strengthening material for the strengthening of reinforced concrete (RC) beams. Physical and mechanical properties as well as structural properties of the mengkuang leaves-epoxy composite plates (MLECP) were evaluated in this study. Chemical treatment was performed on the dried mengkuang leaves using sodium hydroxide (NaOH) with concentrations of 2%, 5% and 8%. Scanning electron microscope (SEM) and flexural strength tests were conducted on the mengkuang leaves and flexural specimens, respectively. All the beams were tested to failure under four-point loading. Results showed that the flexural strength of the composite with 0.3 fiber volume ratio exhibited the highest flexural strength. Strengthening of RC beam using MLECP managed to increase the beam capacity.
Introduction
Fiber reinforced polymer (FRP) also known as fiber-reinforced plastic, is a specific type of two-component composite material consisting of high strength fibers embedded in a polymer matrix. FRP has been used for a variety of applications since it has become a common practice in advance engineering structures such as automobiles and infrastructures, for example, bridges and buildings. This is due to its outstanding characteristics which include high stiffness to weight ratio, high strength to weight ratio, corrosion resistance and lightweight. In the construction industry, most of the buildings that require extra strengthening or rehabilitation is externally strengthened using FRPs instead of rebuild after demolition. However, the production costs of this synthetic fiber composite plates are not cost effective and also raising health issues during the production of FRP [1] .
Alternatively natural fibers can be used instead of the synthetic fiber composites due to its low environmental impact and low cost and support the potential use in a wide range of applications [2] . Most of the work on natural fibers studied the fiber morphology in relation to its tensile properties [3] . Extensive study on the physical and mechanical properties of natural fibers namely kenaf, jute, sisal and bamboo were then conducted by many researchers [4] [5] [6] [7] [8] . Furthermore, the performance of plant-based material in construction industry are also widely studied [9, 10] . However, limited investigations were conducted to study the potential use of natural fiber composite plates as external strengthening material for reinforced concrete (RC) structures especially that of Pandanus atrocarpus [11] [12] [13] .
In Malaysia, mengkuang leaves or Pandanus atrocarpus, also known as screw pine in English, belongs to Pandanaceae family. There are about 600 known species in this family. Different species have different sizes and usually grow along mangrove and in tropical rainforests. The leaves are widely used in the handicraft industries, especially in weaving different products such as basket and mat. Previous work on the mechanical properties of the mengkuang fiber is limited [14] . Although mengkuang leaves are largely used in Asia, very limited studies were conducted using the leaves, especially as composite material for external strengthening in RC structures have been reported [15] . In this paper, mengkuang leaves-epoxy composite plate (MLECP) was studied to determine the potential use as external strengthening material in RC beams. Physical and mechanical properties of the leaves and the composite plates were studied as well as the structural properties of the RC beams strengthened with MLECP was also investigated.
Methodology
Material Preparation. Epoxy resin D.E.R. 331 was used as matrix to bind with fibers for composite plate fabrication. The resin has a density of 1.16 g/cm 3 . A hardener, JOINTMINE 905-3S was mixed with epoxy in ratio of 1:2 during the fabrication process. Dried mengkuang leaves with density of 0.88 g/cm 3 was used in this study. The leaves were cut into strips within the range of 2 to 3 mm, then washed thoroughly through running water and dried in oven for 24 hours before the treatment process. The leaves were then immersed in 2%, 5% and 8 % of NaOH solution for 1 hour. The ratio of leaves to solution was 50 g: 300 ml. After 1 hour, the leaves were cleaned using tap water to remove the remaining NaOH solution on the surface. Next, the leaves were dried in over for 24 hours at 70°C to ensure that the treated leaves were dried completely. Preparation of RC Beams. Timber formworks were prepared for concrete beam casting. The prepared formworks were made to cast the RC beams with a dimension of 100 x 130 mm in total length of 1600 mm. Two steel bars in 10 mm diameter were used as tension and compression reinforcement, respectively. Meanwhile, 6 mm diameter steel bar was used as shear links with 300 mm spacing center to center. Ready-mixed concrete of grade 25 MPa was considered in this study. Fig. 1 shows the schematic diagram of the RC beam. Scanning electron microscopy (SEM). The surface morphology of the untreated and treated mengkuang leaves were all observed by scanning electron microscopy (SEM), (TM3030, HITACHI). The acceleration voltage was 5 kV.
Flexural strength of MLECP. Flexural test was conducted based on ASTM D790 to determine the optimum fiber to volume ratio for the composite plate. The optimum volume obtained was then used for the strengthening of RC beams externally. The flexural test specimens with fiber to volume ratio of 0.1 to 0.4 were prepared in a size of 25 mm width, thickness of 6 mm and 200 mm in length. An extension rate of 5 mm/min was set for the experimental testing. Strain gauge was attached at the mid-span of the plate. Fig. 2 shows the loading system on the composite plate.
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Fig. 2. Loading system on the plate
Four-point bending test. All the beams were tested to failure under four-point loading using a Universal Testing Machine (UTM) of 100 kN. Mengkuang leaves-epoxy composite plates (MLECP) with a 0.3 ratio of fibers were fabricated using hand lay-up method and bonded at the bottom soffit of the beam using Sikadur-30 epoxy adhesive. The beams were cured for 7 days before the experimental testing. Linear Variable Differential Transducer (LVDT) was used to measure the beam displacement. Strain gauges were attached at the surface of the composite plates to measure the cracks. Results were recorded until beam failure. Fig. 3 shows a schematic diagram of a RC beam under a four-point bending. 
Results and Discussion
Scanning Electron Microscope (SEM). Fig. 4 presents the micrographs of untreated and treated mengkuang leaves with 2%, 5% and 8% concentrations of sodium hydroxide (NaOH), respectively. The leaves surface was observed and compared with untreated mengkuang leaves Fig. 4(a) . From the shown micrographs, the whitish pigments indicated that NaOH residue was found on the mengkuang leaves surface which may be due to uncleaned sample. The circle liked shapes are guard cells whereby the middle holes surrounded by guard cells are stomata. These small adjustable pores cover at the leaves surface and help in the photosynthesis process. Stomata allow gas exchange by absorbing carbon dioxide during the morning for photosynthesis, and reducing loss of water when the water crisis happens [16] . From all the images shown, the changes on stomata become eventually obvious when concentration of NaOH increases. For the treated mengkuang leaves, breakage of the upper surface of the leaves was found as shown in Fig. 4(b) . The pores seem to be no longer in a close boundary shape after the chemical treatment. The pattern of the pores showed elongation after a higher concentration of NaOH was used as shown in Fig. 4(c) . For 8% of NaOH concentration, the pores elongated significantly as presented in Fig. 4(d) and some of the boundary linkages had broken and pores were not visible as compared to the untreated mengkuang leaves. Table 1 . From the results obtained, 0.3 fiber volume ratio composite plates showed the highest ultimate flexural strength (119.21 MPa) compared to other fiber volume ratio samples. Fig. 5 shows the load versus strain curve of the MLECP plate with a different fiber volume ratios. The result showed that all the samples reinforced with mengkuang leaves attained higher flexural strength compared to the neat epoxy. 30% fiber loading was selected due to the optimum result obtained from the flexural test. Two plates were prepared and bonded at the mid-span of the beam soffit using the Sikadur-30 epoxy adhesive. Fig. 6 shows the comparison of load-deflection curves between the control beam and strengthened beams with MLECP. Fig. 6 shows that during the early stage of loading, the trend line of the control beam and strengthened beams were found to increase linearly at the elastic phase. With the continuous application of load, the load of the control beam showed reduction in stiffness with increasing deflection after reaching a maximum load of 22.4 kN. Strengthened beams, MLECP 1 and MLECP 2 exhibited similar curve trend with higher beam stiffness than the control beam. Beam with MLECP 1 deflected at 14.21 mm after reaching an ultimate load of 25.3 kN. Beam with MLECP 1 also possess similar plastic deformation period with control beam. However, the trend line of the strengthened beam with MLECP 2 was found dissimilar compared to MLECP 1 and the control beam. The beam eventually failed, after the ultimate load was attained at 24 kN. The possible reasons may be due to the peeling effects of the MLECP plate and poor bonding between the MLECP plate and the beam surface. Fig. 6 . Comparison of load deflection curves between strengthened and control beams Applied Mechanics and Materials Vol. 878 Fig. 7 shows the crack pattern of the control beam. It was observed that all the cracks were found concentrated at the mid-span of the beam. The first crack was seen to appear at about 9.5 kN. The vertical cracks along the tension zone continued to propagate until the neutral axis of the beam at an ultimate load of 22.4 kN before beam failure.
Fig. 7. Crack pattern of control beam
Crack pattern of the MLECP 1 beam is shown in Fig. 8 . It is obvious that the cracks at mid-span were found lesser compared to the control beam. The first cracks can be seen when the load applied beyond 12.2 kN and 27.8% higher than the control beam. Cracks appeared at the edge of the plate away from the strengthened zone. Diagonal cracks appeared at both ends of the composite plate, unlike the control beam. The beam failed when the MLECP at one end detached from the RC beam as shown in Fig. 8 . From the results, it can be observed that the MLECP could enhance the beam strength and reduce the cracks by resisting the tensile stresses in the tension zone and diverted the flexural cracks to diagonal shear cracks at the edge of the plate. Fig. 9 shows the crack pattern of beam MLECP 2. It was observed that the first crack began at 9 kN at the mid-span. Similar to the control beam, although flexural cracks were identified at the mid-span, however, the number of vertical cracks was found lesser compared to the control beam. With the continuous application of load, the flexural cracks were then diverted by the MLECP plate to form diagonal cracks which appeared at the end of the plate. The crack width of the diagonal cracks became visible before beam failure. This shows that MLECP managed to resist the tensile stress and diverged the stresses to the edge of the plate. 
Conclusion
From the results obtained, it can be concluded that the SEM results showed no significant difference on the leaves surface for both untreated and treated mengkuang leaves at NaOH solution with concentrations of 2%, 5% and 8%, respectively. However, as the concentration of NaOH increased, elongation and breakage of the boundary linkages were traced and pores were found less visible. In terms of flexural strength, all MLECP samples achieved a higher flexural strength than the pure epoxy plate. It was found that the fiber volume ratio of 30% is the optimum ratio since it exhibited improvement up to 96% on tensile strength compared to the control plate. RC beams strengthened using MLECP increased the beam strength to an average of 10% as compared to the control beam. In terms of crack pattern, MLECP has diverted the cracks that initially formed at the mid-span of the beam to the edge of the plate causing the formation of diagonal shear cracks that propagated to the applied load. The mode of failure for RC beams strengthened with MLECP were a mixed mode of vertical and diagonal cracks at bending.
Recommendation
Some recommendations for enhancement of mengkuang leaves performance in composite plate fabrication can be conducted in the future, which include (i) Mengkuang leaves shall be further processed into mengkuang fiber to study the mechanical properties and behaviour of mengkuang fiber as reinforcing material in composite plate; (ii) Tensile test which complied to ASTM D3039 should be conducted to determine the performance of mengkuang leaves in reinforcing composite plate.
